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DECOMPOSITION OF ASCARID0LT3 AND DIHYDROASCARIDOLE 
2 

Robert Zand and Robert 3. Mesroblan 

The kinetics of the decomposition of dlhydroascarldole In 
ohlorcbenzene, tetralln, and methacrylonltrile at 115° and 
ascarldole In methacrylonltrlle have been studied.  In the 
latter solvent detailed studies have been made of polymeriza- 
tion rate and molecular weight of polymer produced by the 
thermal decomposition of the two peroxides as w^ll as by &1- 
tart-butyl peroxide.  It is concluded that th° two cyclic 
peroxides initiate polymerization via monoradicals, and In 
thm case of dlhydroascarldole, th« efficiency of Initiation 
is calculated to lie within 55-100$,  A mechanism for the 
decomposition of dlhydroascarldole is presented which speci- 
fics dlsmutatlon of th° primary, diradical to a non-cyclic 
dik^ton^ and en ^xclt°^ ethyl ->ne mol"cule.  The latter Is 
pr°3um"fl to initlPt0 monorpdic"l chains In P manner nnp]os;r,us 
to th" thermal Initiation of vinyl polymerization. 

The d^cemposltlen of pscarldol'^, I, (l,4-epidloxy-2-p- 

mentVione)and dlhydroaacaridoi^, II, (l,4-epidloxy-p~menthane) 

by the action of b**at , light , anr» metallic lons'aj* has 

be«n studied by s°verpl workers.  Th° r°cent work of Russell 

anrf Tobclsky has demonstrated that the primary radicals 

produced by the photolysis of ascarldole in methyl roethacryl- 

ate at 60° rapidly react in some uncertain manner to produce 

1~.     This study was initiated under Contract N123s-6l517 with 
the U,S.Naval Ordnance Test Station and completed under 
Contract N6onr-26309 with the office of Naval Research. 

2. Tak°n in pnrt from th" thesis of R, Zand submitted to the 
Chemistry Department of the Polytechnic Institute of Brooklyn, 
in pnrtial fulfillment of the requirements for the M.S.degree. 

3. (a)E.K.Nelson, This Journal, 21*   li+0/+ (1911); (b) O.Wallach, 
Ann. 122., 52 (1912); (c) F, Rlchter and w. Prestlng, Ber. 
64, 878 i1931); (d) H.Thorns an* W. Dobke, Arch. Pharra. 
2%8t   128   (1930);   (e)   C.G.Moore,   J.Chem. Soc. ,23M 1951) 

4. K.K.Russell  and A.V.Tobolsky^This  Journal 7.6,   195  (1954), 

5. H.   Paget,   J.   Chem.   Soc.,   829  (1938). 



monoradlcal  initiation of polymerization,     Th« present 

investigations  support th^  experimental observations  of  these 

workers  and   °nabl^  n   somewhat morn detailed  consideration  of 

th^  rlPC'rnposition  reaction   in   the casp  of  dlhy^roascaridole, 
3e consistent with  th^ product  analysis reported  by Moore     . 

H 
CHo     |    JOB 

H 
CHK ! -^CK3 

EXPERIMENTAL 

Reagents.       Methacrylonltrile   (Shell  Development Cr..)   was 

vacuum  distilled   from  Inhibitor under nitrogen:   b.p.   37.5° 

(100  ram.),  n£    1T4007. 

Dimethylforraamide  (Matheson,  Colenan  and  Bell,   Inc.)   and 

ohlorob»nzen<=   (Eastman Kodpk Co.,   b.p.   130-132°.)   w^re  user', 

as received. 

Tetralln   (Pish«r  Scientific,   purified  grade)   was  washed 

wlt>^  concentrate*   sulfuric   =*eid  until   th^  x^eshings  were 

colorless  and   then washed  repept^diy with  distilled  water  and 

st^r0^   ovar anhydrous mesTiPslum  sulfat^.     Prior  to  us-   It was 

distilled  un^r purlfl°':'  nitrogen an*   the   fraction  distilling 
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at 46°   (1 nm.)   collects.     Th^ p Tlf irH  pr^nuct gav" no 

r^spcriF -  to   io "'orn^trlo pnroxi*-'  t^sts. 

AscnrV^lo   (Burroughs,   W^lloora" Co»)  was used  as 

obtained  or was  pr^parod  by distillation  of ch<->nop^riium oil 

(Amend  Drug anr*  Chemical Cr8),    Asearidole obtained hy dis- 

tillation  from ch^nopor'lum oil had  a b.p„   65-70°  at less  than 

1 rara.,   n2° 1.4709.     An  infrared  absorption  spectrum of  th° 

product ^in not differ significantly from that reporter*  by 

Szmant  and  Halpern   . 

Dihydrcascarldcle  was pr^per^d  from purifier?  ascaridole 

occerding to  the  method  of  Paget.     Aft°r r^p^at^n  r^crystfl- 

llzetlon,   th« product exhibited  a m.p.  19-19.5°.    Tosts on 

nllquots with bromine nn^  potassium permanganate  indicated no 

unsaturatlon  in the compound. 
7 

Analytical   :   calcul^t^  for C10H1g02:   C,70.59;   H,10.59 

Foun*:  C,70.69,  70.55 Av.  70.62;     H,   10.44,   10. V Av.   10.^1 

Di-t^rt-butyl  p^roxl^0   97-98< pur~,   (Sh~ll  D"V"lopTT=nt 

Co,)   was us^   as  obtains. 

Th°  r^ag^nts   employ^  for  le^om^trlc  analysis w*»r<°  of 

kh° highest evailabl^ purity PTL* were us"r<  as obtained. 

6.     H.   H.   Sznant  enr   A.   Halpern,   This  Journal 21,   11T3   (1949), 

?.     Analyses  p^rform^n"  bjr Schwarzkopf Laboratory 
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Polyn-Tlzatj'^ of Methacr.ylonltrilo.  Th*^ followlng procedure 

was employed in nil polymerization runs of raethacrylonifcrlle 

using; ascaridole, dlhydreascarldolo, nr dl-t-butyl peroxide 

as Initiator.  Int cl^an Pyr^x ampules wnr" placed weighed 

quantities of peroxide initiator and 10 ml. of freshly dis- 

tilled cinnoniT, followed by the addition of 5 ml. of dimethyl 

formamlde. The latter solvent was recmirori to prevent thp 

precipitation of polymer during the course of roaotion. The 

Pyrox empules were degassed, subject'"-""1 to repented thawlni?: 

and freezing op^ratl^ns, and sealed in wcuo of l-^ss thpn 

10 mm. The capules vr^ro lmn^fllet^ly plac°d In ^n oil bath 

maintain0'1 at 115 - 0.5°. Polymerization tim^s for each 

system wnr^ -^'>t'3rmln^w, by trial »xp vr3 ""^nt. 

On r°novel from th- polymerization bnth th^ ampules 

wQrra opened and th° contents dilut0^ twn-fnid with acetone. 

The polymer solutions were then a-^e^ dropwise to a 10-fold 

excess of ra°thannl with constant stirring.  Polymer was 

precipitated in th*3 for", of finely ^lvld^d particles oro1 was 

collected on fritted glass filters.  after sever"7! washings 

with methancl, the samples were dri°d _in vacuc at 40° and 

weighed. 

Aliquot3 of the polym--r samples were dissolved in 

acetone and limiting viscosity numbers determined from vis- 

cosity measurements at four concentrations using m Ubb-^lohde 

dilution visoometor having a flow time nf 124 seconds for 



acetone at 20°. At this flow tlm*», kinetic en°r(ry corrections 

are not require. Molecular weiefrit-vlscosltv data for unfrac- 

tlonated polymethaerylonitrlle terminated by disproportiona- 
Q 

tion (transfer) have been reported .  Th°se data were employed 

to calculate, by th« method of Baysal and Tobolsky", equation 

(1) relating limiting viscosity number £^Q with number average 

degree of polymerization for polymer chains initiated by a 

monoradical source and terminated by recombination. 

Pn » "1.81 x lO
3^^'81 (1) 

Peroxide Determinations.  The decomposition of 6\hydroaBcari- 

dol° in chlorob»nz^nn, t^tralin, and m^thacrylonltrilc-dl methyl- 

formamld- solvents at 115° was followed by lodometric analysis. 

Sinc^ normal iodom-trio m^t^o^s Aid net vl^l^ reproducible 
10 

T"°sults, th'- hy^rlodlc aci.^ mother" of Vaufrhan et ni  . was 

employed.  In th« runs Involving m^thacrvlonitrll°, polymer 

form-^ -^ur-'nec reaction obscur°^ th » ^ndpolnp- of th« thiosul- 

fat" tltration, an^ for this r°eson, the polymer was separated 

from th° solution b'-for^- p^rfcrminp- th° iodom^trlc analysis. 

This was nchl^v^d by Introducing a known quantity of the 

solution dropwise into a measured oxc3ss of glacial acetic 

^ei^; filtering away th> pr°clpltat~-., an** titrating an aliquot 

of th- filtrat«. 

8.  N. Puhrman and R. B. Hesrabian, This Journal, in press. 

Q.  3. Baysal and A. V. Tobdsky, J. Polymer Scl., 9, 171(V*«?!>). 

10.  F. H. Dlokey, J, H. Raley, F. P. Rust, R. 3. Tresede and 
W. S.Vaughan, Ind. ^g.Ch^m., ^1, 1673 (1949). 
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RESULTS AND DISCUSSION 

Rate and molecular weight measurements have been made 

on the polymerization of methacrylonltri'ie at 115° initiated 

thermally, and by ascaridole, dihydroascarldole, and di-t- 

butyl peroxide.  The data are summarized in Table I.  It is 

evident from th^ values in column 4 that in the concentration 

range of initiator employed, the thermal polymerization rate 

is negligible compared to the peroxldp initiated rates.  Thp 

following eauatlon has benn derived by Tobolsky and co- 
11-12 

workers     relating polymerization rat°, Rp, and reciprocal 

number avprap:Q deer*5'1 of polymerization, l/Pn. 

fs]     A'R^ 
1/Pn = Ctr m + Ctr>catRg + Ctr a -±±-  +   1    (2) 

• 6*  %        [M]   CM] 
K
Z
CM]' 

Whpre Ctr m, Ctr cat, and Ctr s are transfer constants 

for th° transfer reaction of growing radicals with monomer 

[M] , catalyst [cat] ,   and solvent [si . respectively.  Th^- 

constant A1 is related to th" specific rate constants for 

propagation kp and termination by combination ktc and dls- 

proportionatlon, k^, by th" expression: 

A' = (2ktd + ktc)/kp (3> 

11. D.H.-Johnson and A,V.Tobolsky, This Journal ?Uf938(1952). 

12. B.Baysnl and A.V.Tobolsky, J.Polymer Scl,, 8,529(1952). 
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Th-^  overall  rate  constant K arista  In  thrt  r.t'   expression 

Rp "  K   [M] [Cat] (4) 

Values of l/rn are plotted  ppnlnst Hp in Figure  I,   as 

trk-m  from d^tn  glvon  In Table  I. 

It  is evident  thut all  experimental  points He on a 

common   straight  lin%     Th"»  linearity  of   tha  plot  Indicates 

th-°t no significant  transfer reactions occur b-twe-n  crowing 

polymer radicals  and  the peroxide  initiators,   i.e.   th° second 

t°rm  on   th-j  right   in  equation   (2)   is   zero.     Th° magnitude  of 

th-->   Intercept  on   tha  ordinat"  axis  in  Figur"  1   is  0.5  x 10     , 

signifying that  th"  sum of tVr~-   transfer constants of the 

m^thacrylonitrlle  radical  with   its  monomer  °nd  with  dim^thyl- 

form°Tnlr<«  solvent  Is on  tbl^  or^°r of ma,<?nltud«».     Slnc^  thrj 

polymerization  r*"4--  obtained   with   escaridol*1  ^nd  ^ihydro- 

ascirldol°  1\^  on   thn  sam°  lln°nr plot  as  thos~- obtriiv-d  with 

il-t-butyl p^roxld-°,   r> knov;n raonoradlcal  initiator,   it   is 

evident that th^  former two p^roxi^s  ?lso  Initiate  vl- 

monoradicals. 

Th~- rat° of  Initiation  of polym"r chains,   R1,   in  m-th- 

ncrylonitrila  ft  115°  by  various   initiators  can  b"  obtain ~d 
12 from  th-5  relation        (assuming no  disproportionation) 

2A' 
11  "&f : R,  m7-rrr-    R- (5) 

whare A', as dafin^d in equation (2), is calculated from th 

slop^ of th'- lir;" in Figure 1 to ba 6.76  J^-s c.-m~--. 
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Picoir« 1 

POLYMSRINATION  Oi'1  ^TFACRYLONTTRILK   AT   115°C. 
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Th<-- rate of initiation may alsr: b« defined by the relation: 

Rj_ » 2fkd (Cat] (6) 

wh^re k<j jbati Is the rate of spontaneous, unlmcl'cular 

decomposition of tho catalyst and f, th" catalyst efficiency, 

is th° fraction of primary radicals which are effective in 

starting chains.  Thc rates of decomposition of dihydro- 

asoaridol" in tetralin, chlorobenzen°, and mothacrylonltrile- 

dim^thyl formamlde at 115° hav° b^n followed by icdom^trlc 

tltrrti^ns.  Tnbl° II lists th -> unlmoleoular ret• constants, 

k^ , for th° decompositions in rtach of th« solvents. 

TABLE II. 

DaCOMPOSITION  OP   F)IHYDRO\SCARIDOL-,   AT  115°   IN VARIOUS  SOLVENTS 

Solvent kfl
axl06secs.-1 Initial Peroxide 1 conc.rn/1  x 10-' 

Tetralin 0.90 23.9 

Chlorobenzene 0.72 25.2 

Methacrylonltrlle- 
dlraethylformamld« (10:5 
volume ratio) 0.92 24.9 

a.  The rate constant in each solvent was evaluated from four 
or more experimental values in the rang-* of k-19%  decom- 
position. 

On combining equations (5) and (6) th<> catalyst officl- 

oiency may bo expressed by tho relation: 

2A'    2 
2~ RD/2ka [Cat] (7) 

{Ml   P 

- Q _ 



In thn concentration rango 4.1  to 1^6.2 x 10""^m/l of dlhydro- 

ascarldol*   (data   .f Tablo  I)   the  average  value for f  calculated 

from »aupfclon   (7)   Is 1.1 assuming no dlsproportlcnatlon.     If 

termination of growing chr-lr.s  occurs oscluslv^iy by dlspropor- 

tlonatl-m,   f will hav* the  valu«  0.55.     In either  --vnnt  It  Is 

ppDT^nt th«t th« majority of  th*» radicals derived  by th° 

fl 'Composition of ^lhydroasc^rl^ol®  initiate polymer chains  In 

the  fT"s °f "nnoradicals.     Additionally,   th" observation that 

k^   (Table  113   do«>B not vary  appreciably  for  decompositions  run 

in  threp widely different  solvents,   is  suggestive  th^t 

recombination  of primary dlradlcals  to  reform dihydroascari- 

dol^  «3CC">rding to   the  cage  principle plays  r  minor  r"lo   in 

this decomposition. 

<* convenient mechanism to descrlb*  th"  transforraatlon of 

the primary diradioal   (III)   into  a monoradlcal pcir,   is th?t 

^ri'.t'^  by  (.i)   in  aquation   (8). 

II 

CH- 

III 

^     j 1      + 3>H-   (AHA 

X 

-19Kcals/racle) 

0 

0   +   9P* 

CHo CH-3 

(8) 

CHZ     UHB —-102Keals/raole) 

10  - 



Oi. th" r-.th°r hand Moore-'" has identifier! the dlketone IV to 

bp oil" of the major products obtained whon puro dlhydro- 

asoaridole Is thermally deoomp'-.aed at 2^+0°.  Oth^r decoraposi- 

ticn products were an unlier.tifled gas and a viscous, polymeric 

r^sidu^ '.  The roochanlsm proposer* by rioope to describe the 

fr rn^ti in of the dlketone Is denoted by (B) In equation (8). 

This mechanism speclfl"s that the primary diradicals dismut^ 

t" non-radical structures which, in principle, shcul^ not 

initiate vinyl polymerization.  An approximate calculation of 

th~ heat changes involved in th--1 procoss°s (8A) and (8B) 

In'Mcat^s th"t wh^r^ns (8A) is exoth°rmlc by 19.2 Kcals., 

(8B) is considerably nor" exothermic (AHa~102 Kcals. J
1^. 

Although It cannot b" PSSUH'--"' in th° fbs^nc of «xp°rlm^ntal 

riatp or detail"'1 theoretical calculations that a reaction will 

follow th-^ on^rgetically more favorable path, sincc it is 

kn^wn that (8B) predominates rt 2M0°   it is probably tho pre- 

ferred path at 115° as well.  Th^ e"thyl«ne molecule, appearing 

in mechanism (8B) will undoubtedly contain energy in excess 

13. The ncla p'-rc^nt of ^ikotoii'--, expr^sse'"1 as moles of 
product p;r,r molo of noc. mpose^ <i ihyr'roascarldnio timos 
100, is calculator! t . bo in and 105 for the gaseous 
product, assuming it to, be othylm^. 

14. Tho h'-'^ts of reaction are calculated from bond energy 
values glv^n by M.J.3,Dewar, Th^ Electronic Theory of 
Organic Ch»rcintrv. Oxford Univ. Press, London, p.32,1949, 
R°3onanc'-' onorgles for the alkoxy and propyl radicals 
wore taken to b" zer".  Th': ^if f r,rence in free ^n^rgy 
between the tW'•• process"s (8A) and (8B) is probably even 
greater than th" difference in AH since tho ring cleavage 
in (8B) imparts r slgnlfleant entropy increase.  

11 - 



of the ground stat« of ethyl"*}-"1.  The ilegr'""1 and uature of 

excitation are unknown but on-- might reasonably assume the 

molecul^ to b^ excite^ in Its vibratlonal Hegreos of freedom. 

It Is realized qualitatively that thrt required activation 

^n-^rgy for n process can be low^ro^ wh«n on° of th^ colliding 

partners la "xclt"''! in vibratlonal ^n<-rgy^-?, tw^  accordingly 

nn<=> ni^ht plotur" th'j reaction rf n "hot" °thyl"na niolocul^ 

an^1 m^thncrylonltrll° to involv° th« transfer of p hy.ir^g^n 

p>ton frrtm on^ m^nom^r ta th° oth*»r to pro^uo° two mono- 

radicals.  From flotall0'' studies of th° tr'5rm^l polymerization 

of styr^n^, h''v^v°r, Kayo-1" has observe th^t thQ initiation 

process  arises from a third-order reaction with monomer. 

t-~ produce mono-radicals,  Prosum^bly two monomers Interact 

t'' form an actlvater1 complex which on further collision with 

monomer pr>^ucos tvi > man* radicals.  The analogous process 

Involving an excited ethylen • molecule can b- represented by 

equation (9). 

#       .CHo ^CH3 CHo 
CH2^GHr+2CH2=C   

7   S   HoC-C<    +H-»C-CH«CH-C*       (9) 
NCN CN ^ ^CN 

It would  b° of  interest  to  study th^ polymerization  reaction 

15. 3.   Glasston®,   K.J„Laidl*r f^nrl   H.Eyrlng,   Tho Theory Of 
Rat'*  Processes.   McGraw-Hill Bock Co.Inc.,pp.289-295,19^1. 

16. P.  R.  Mayo,   This Journal 23.,   6l*n   (1953). 
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Initiator!  by ^lhyr'roascpri'lol'?  ov°r p. wlri« monomer cnneenfcra- 

tlon rprigp.    At l-'W mrrjomer concentrations r.ne night rxp°ct 

th» pplym^rleatlon  rnt^ tn  flocr^PSR rnTk^ly du^  t'-<  ^n^-rgy 

l^ss  rf  th*  excite  othyl-rw  mol^cul0 by r^p^nt^  collisions 

w1tv>   ln<=»rt  solvent mol^cul^s. 
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